GABAergic septal and serotonergic median raphe afferents preferentially innervate inhibitory interneurons in the hippocampus and dentate gyrus.
Postsynaptic targets of the GABAergic septohippocampal and the serotonergic raphe-hippocampal pathways were studied using anterograde tracing with Phaseolus vulgaris leucoagglutinin combined with pre- and postembedding immunocytochemistry in the rat. Two types of afferents were labeled in the hippocampus and dentate gyrus from the medial septum-diagonal band of Broca complex, one with large diameter varicosities and another with smaller terminals. The former type was shown to be immunoreactive for gamma-aminobutyric acid (GABA), and to innervate predominantly GABA-immunoreactive interneurons. Subsequently, these target interneurons were demonstrated to include all subpopulations of GABAergic cells which could be visualized by antisera against parvalbumin, calbindin D28k, calretinin, cholecystokinin, somatostatin, neuropeptide Y and vasoactive intestinal polypeptide. These types of interneurons have different afferent and efferent connections, and thus participate in different inhibitory processes in the hippocampal formation. The other subcortical pathway, the serotonergic projection from the median raphe nucleus, was also shown to establish synapses predominantly with GABAergic interneurons both in the hippocampus and in the dentate gyrus. In contrast to the septohippocampal projection, this pathway did not innervate all types of GABAergic neurons. They selected a particular subpopulation, i.e. those which contain calbindin D28k, and ignored those which contained parvalbumin or the other neurochemical markers. This suggests a strong functional specialization among local inhibitory circuits, as well as among the subcortical afferents originating in the septum and raphe. These findings suggest that a mechanism by which numerically small afferent pathways may have a profound global effect on the electrical activity of the hippocampal formation is the selective innervation of local interneurons. These GABAergic inhibitory cells, in turn, control the activity of large populations of principal cells. The level of GABAergic inhibition determines the degree of population synchrony and influences N-methyl-D-aspartate receptor-mediated epileptiform burst-firing. Thus, the specific subcortical modulation of hippocampal inhibitory circuits may also have fundamental implications for epileptogenesis.